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Abstract
For decades oxycombustion has contributed to improving efficiency, flexibility, emissions and the cost of many
industrial processes such as for metals and glass production. More recently, oxycombustion has emerged as a
competitive option for CO2 capture on many industrial processes.
Air Liquide has been a key contributor to this evolution by developing specific technologies essential to the technical
feasibility, flexibility and economic competitiveness of the oxycombustion route. This primarily concerns the ASU
(Air Separation Unit) and the CPU (Cryogenic Purification Unit) which represent the largest share of investment
(CAPEX) and operating (OPEX) costs of CO2 capture. Their technical development has been consistently driven by
two key objectives: to reduce the cost of capture and to ensure solution reliability. Over the last ten years, in
collaboration with boiler companies this work has led to significant improvements, making it potentially the most
attractive carbon capture option.
Beyond CO2 capture on power production, “CryocapTM” CPU technology has been adapted to other industrial
processes such as hydrogen and iron & steel production.
This paper describes the recent technical achievements and advantages of oxycombustion and the adaptation of the
technology to other industries. The status and results of the key projects which underpin Air Liquide’s CO2 capture
technology development work will be also discussed.
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1. Introduction
For decades oxycombustion has contributed to improving efficiency, flexibility, emissions and the cost of
many industrial processes such as for metals and glass production. More recently, oxycombustion has
emerged as a competitive option for CO2 capture on several industrial processes.
Air Liquide has been a key contributor to this evolution by developing specific technology blocks that are
essential to the technical feasibility, flexibility and economic competitiveness of the oxycombustion
route.
This primarily concerns the ASU (Air Separation Unit) and the CPU (Cryogenic Purification Unit) which
represent the largest share of costs associated with CO2 capture. Their technical developments have been
consistently driven by two key objectives: to reduce the cost of capture and to ensure reliability.
The oxycombustion development for CO2 capture on coal power plants carried over the last ten years in
collaboration with boiler companies has led to significant improvements, making it potentially the most
attractive carbon capture option.
Beyond CO2 capture on power production, the “CryocapTM” CPU technology has been adapted to other
industrial processes such as hydrogen and iron & steel production bringing potential productivity
improvements in addition to carbon capture.
This paper describes:
key recent technical achievements and advantages of oxycombustion
innovative solutions to technical challenges which provide new capabilities
the application of the CryocapTM CO2 Cryogenic Purification Unit to industrial processes
status and results of key projects from Air Liquide’s CO2 capture technology roadmap.
Figure 1: Principle of Oxycombustion on coal boilers
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2. Recent technical achievements and advantages of Oxycombustion
Large systems for oxygen production and flue gas purification are required for oxycombustion on coal
power plants. Air Liquide has been the leader in building large Air Separation Units (ASUs) and more
developments have been performed to customise them to coal-fired power plants. Air Liquide is also
actively involved in developing processes for purification of flue gas from oxy-coal combustion systems
for enhanced oil recovery applications as well as storage in saline formations.
In partnership with Babcock & Wilcox (B&W), Air Liquide participated to the first worldwide
demonstration of a near-commercial scale burner (30 MWth) at the B&W CEDF facility in 2007 and was
selected in 2010 to participate to FutureGen 2.0, the first large scale test of oxycombustion.
In 2012, Air Liquide started up two CO2 compression and purification unit (CO2 CPU) pilot plants. One is
for the Callide Oxyfuel Project in Australia which is the retrofit to oxycombustion of a 100MWth
bituminous coal power plant. The second is for the CIUDEN project in Spain associated with a PC boiler
of 20 MWth and a CFB boiler of 30 MWth.
Air Liquide collaborated with Vattenfall [1] in order to define the best available technology for a large
lignite oxyfuel plant (1000 MWe gross). One of the main conclusions was that it is already possible to
design an oxyfuel combustion plant with a net efficiency of 41.9% LHV (to be compared to an air fired
case at 49.6% LHV) with heat integration on the Air Separation Unit side. A higher net efficiency can be
achieved with heat integration in the design of the CO2 CPU with a CO2 avoidance cost of 26.4 /ton.
Further optimisations of the Air Separation Unit have been identified and are currently under
development. A design with separation energy of around 140 kWh/t using heat integration is expected to
be achieved by 2015. For 2020, a target of around 120 kWh/t with heat integration is considered realistic.
This would mean a 40% reduction compared to current ASUs.
Figure 2 shows these improvements graphically. This trend is expected to continue in the future, since the
actual overall energy of separation is still significantly greater than the theoretical one (50 kWh/t).
Figure 2: Improvements in energy efficiency of cryogenic ASU
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When considering the overall oxyfuel plant, it is now possible to design a plant with a percentage points
efficiency loss in the range of 5 to 7 points (compared to an air-fired case at 40% HHV efficiency with no
heat recovery below acid dew point). We expect 4 to 6 points in 2015 (also compared to an air-fired case
at 40% HHV efficiency with no heat recovery below acid dew point) and 3 to 5 points in 2020 (compared
to an air-fired case at 45 % HHV efficiency with no heat recovery blow acid dew point).
Such results are based on the progress in ASU energy efficiency discussed above in addition to forecast
improvements in the overall oxy-combustion cycle such as:
Overall oxyfuel plant design optimisation such as fuel drying, recycle configuration, sulphur
removal technology, steam cycle (double reheat, Ultra Supercritical Cycle)…
Air Separation Unit specific energy reduction (turbo machinery efficiency improvements,
advanced cycle designs), O2 pre-heating and mixing, energy storage concepts…
CO2 Compression and Purification Unit specific energy reduction (turbo machinery efficiency
improvements), capture rate optimisation, optimised impurity management…
Increased level of heat integration of the ASU and the CO2 CPU enables reduction of energy
losses associated with compression as well as with the heating of boiler feed water. This transfer
of heat can be direct (feed water preheating) or indirect (oxygen preheating, coal drying, or the
heating of any fluid in the oxy-combustion cycle). Several studies have been performed on heat
integration, and one conclusion is that the benefits of the process are very dependent on the
overall design of the plant: ambient conditions, efficiency of the steam cycle, cooling system
(dry versus wet), coal type (water and sulfur content), etc. However, in some cases, a reduction
of more than 10% in the specific power consumption can be achieved.
Today oxycombustion is the most efficient solution for CO2 capture in coal power plants. However, as
development work has progressed, a number of other advantages have become apparent:
Its performances:
o cost effective CO2 recovery above 95% (see section 3.4)
o CO2 purity greater than 99.99%
o Low water usage
o Near Zero Air emissions and in particular zero chemicals emissions (over 99% reduction for
Hg, SO2/SO3, particulates and 90% for NOX and CO)
o Very limited liquid and solid wastes
o Possible reduction in LOI (Loss On Ignition)
Its flexibility in design and operation:
o “Smooth” operation and transitions
o Potential for energy storage through cryogenic liquids (see section 3.3)
o Non intrusive in steam turbine cycle.
A “Non chemical” route enabling easier permitting and operation.
Furthermore, oxycombustion benefits from the extensive experience of industrial gas companies with
ASU operation, in addition to the industrial users who have been practising oxyfiring for the last forty
years.
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3. Innovative solutions to mitigate technical challenges and provide new capabilities
Our experience gained from recent work on oxycombustion has enabled us to identify three main
technical questions that are potentially hindering the development of oxycombustion for carbon capture:
What are the risk and safety concerns including O2 management and impact on the boiler?
Can Oxycombustion be an option for partial capture?
Is Oxycombustion a retrofit option?
Risk assessment studies and development of innovative solutions were therefore carried out to resolve
these questions and created an improved technology.
3.1 Risk assessment studies
Over several years, Fortum conducted a technology analysis of carbon capture at the Meri-Pori
supercritical power plant (565 MWe net) owned by Fortum and TVO. One option was to modify the
plant to oxyfuel combustion as offered in spring 2009 by Hitachi and Air Liquide, who jointly developed
a technical solution in cooperation with Fortum for Meri-Pori.
It was agreed between Fortum, Hitachi and Air Liquide that a deeper analysis of the risks associated with
the oxyfuel retrofit would be necessary.
Therefore, a detailed risk analysis was subsequently carried out with a group of experts from all three
companies. Several serious risk scenarios were identified. They involved high impacts either in failure
costs, duration of unavailability, personnel or environmental safety. However, all of those risk scenarios
were evaluated with low probability. Those risks were:
ASU explosion
ASU – CPU venting in contact with human beings and anoxia risk
Boiler and or mill explosion
Risks raised by a new working environment for operators
The risk analysis team concluded that through appropriate design, operation and maintenance procedures
following international best practices from the relevant industries, all potential risks could be classed as
acceptable [2].
3.2 Possibility to implement phased partial CO2 capture
Companies interested in demonstrating carbon capture technology are often looking to reduce investment
by reducing the capture rate:
this can be achieved in post combustion by treating only part of flue gas (typically 50%) through
“partial capture”;
it can also apply to Oxycombustion through “phased capture”.
The principle of “phased capture” is to operate the boiler consecutively in air mode and oxy mode.
As an example, to achieve a 50% capture rate, the boiler could be operated 12h in air mode and 12h in
oxy mode, while the ASU is operated at constant load:
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When operated in air mode, the ASU only produces liquid oxygen (LOX) to be stored in tanks
When operated in oxymode, part of the oxygen comes directly from the ASU, and the rest comes
from the LOX stored during operation of the boiler in Air mode. In order to avoid losing LOX
liquefaction energy, this energy is used to liquefy nitrogen. In Air mode, this liquid nitrogen will, in
turn, be injected in the cold box to supply liquefaction energy to produce LOX.
Figure 3 gives an example of the implementation of this “phased capture”. ASU size is half that on a full
capture project. The minor increase in ASU power consumption corresponds to O2 compression occurring
only during operation in oxymode.
Figure 3: example of implementation of phased Oxycombustion capture
The advantages of phased capture are:
Cost efficiency: lower investment (ASU size is divided by two)
Flexibility: possibility to maximise power output during peak time (CPU is then shut down)
Agility: possibility to add a second ASU and switch to full capture at a later stage
From an operability standpoint, several tests have demonstrated that switching from air to oxy mode (and
vice versa) does not jeopardise the boiler, and can be done in less than 30 minutes. Furthermore, ASUs
have already been designed and operated by Air Liquide without any problems for such peak/off-peak
operation for oxygen supply to Electric Arc Furnaces.
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3.3 The ALIVE energy storage solution
Power prices are expected to become more and more volatile, especially in markets with an increasing
share of wind power. In some countries spreads are already high and negative power prices sometimes
occur during off-peak periods.
Air Liquide developed a specific energy storage solution based on the use of cryogenic liquids which
have a very high energy density. For example, the energy (separation + liquefaction) necessary to fill a
typical 5 000 m3 LOX storage tank is 3000 MWh.
The principle of the ALIVE technology is to operate the ASU out of phase with the boiler (ASU at turn
down when boiler at its maximum, ASU at its maximum when boiler at turn down), and to store / release
liquid oxygen. This allows part of Oxygen separation energy to be shifted from peak to off-peak periods.
In order to reach very high energy storage efficiency (>95%), a second cryogenic liquid (Liquid Nitrogen,
Liquid Air…) is used to transfer liquefaction energy from/to liquid oxygen (figure 4).
Off-peak: low electricity prices Peak: high electricity prices
Maximum output is sold
to the grid
Electricity to
grid
Electricity to
grid
Minimum output is sold
to the grid
Cheap generation of O2 to storage
N2 liquid
Surplus of O2 is stored
Cheap power is valued by
generating O2
ASU power
O2liquid
O2gas
– O2 storage –
Maximum power sale to the grid
N2 liquid
O2liquid
O2gas
Stored O2 supply for
additional power generation
ASU run at
minimal power
ASU power
– O2 consumption –
Figure 4: principle of ALIVE energy storage
There are two possible practical implementations:
ALIVE OPEX: ASU is sized for maximum (and not average) boiler oxygen consumption
ALIVE CAPEX: ASU is sized for average (and not maximum) boiler oxygen consumption
A study has been performed by Air Liquide for a base load power plant (85% capacity factor) defined as
follows:
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Oxy power plant output : 575 MW net
O2 max consumption :11 000 tpd
Power plant operation : 100% during the day (16h at 575MW), 50% during the night (8h at 285 MW)
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Figure 5: CO2 capture reference case without ALIVE implementation
Implementation of ALIVE OPEX in this case (figure 6) resulted in an increase of net output by 5% during
peak time, reducing oxygen production cost by 10% (for 40 /MWh spread day/night).
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Figure 6: CO2 capture with ALIVE OPEX implementation
Implementation of ALIVE CAPEX in this case (figure 7) resulted in a reduction of ASU investment cost by
15% and oxygen production cost by 3% (for 40 /MWh spread day/night).
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Figure 7: CO2 capture with ALIVE CAPEX implementation
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In addition to the advantages described above, the ALIVE technology enables drastic reduction of O2/air
venting linked to limitations in compressor flexibility. Indeed, using the ALIVE solution, O2 can be
stored instead of being vented when the ASU is operated out of the normal compressor flexibility range
(typically 75% - 100% for centrifugal technology).
In conclusion, ALIVE brings the following benefits to Oxycombustion project:
Extra net power output available at peak time (5 to 10%)
Reduced oxygen production cost (up to 10%)
Reduced investment ASU cost (up to 15%)
Improved flexibility and drastically reduced O2 venting
3.4 Very high CO2 capture rates
Air Liquide has developed a smart combination of its cryogenic CPU and proprietary polymer
membranes.
Non condensable gas from the CPU cold box is sent under pressure to the membranes increasing CPU
CO2 recovery to around 98% which is a unique feature of oxycombustion.
CO2 total capture cost from an oxycombustion plant is split ~2/3 for the ASU and ~1/3 for the CPU.
Increasing CO2 recovery at CPU from 90% to 98% only increases marginally the cost of the CPU, the
ASU being unchanged. This results in a decrease of CO2 capture cost per ton in the range of 5% to 10%.
3.5 Feedback from retrofit projects and studies
Air Liquide has been involved in several projects for power plant retrofit to Oxycombustion including:
Pilot plants:
o Total Lacq in France: Retrofit of a 30 MWth natural gas boiler
o Callide Oxyfuel project in Australia: Retrofit of a 30 MWe power plant
FutureGen 2.0 large scale tests in the US: the project is a “repowering” of the existing 204 MWe
power plant. A new ASU, boiler and CPU will be installed, but an existing steam turbine is used
Large scale project studies:
o Fortum Meri Pori in Finland: Extensive study and risk analysis of the full retrofit of the existing
565 MW plant has been done jointly by Fortum, Babcock Hitachi and Air Liquide. The study
concluded that:
o Oxycombustion is suitable for retrofit
o Efficiency is higher with oxycombustion (by more than 2% pts)
o Risks are manageable and not higher than with other technologies
All these experiences confirmed that oxycombustion is also a competitive technology for retrofit.
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4. Application of the Cryocap TM CO2 Cryogenic Purification Unit to industrial processes
CO2 capture is also a necessary tool for reducing CO2 emissions from industries other than power
production.
The initial development work for CryocapTM focused on oxycombustion power plants. However, it was
quickly realised that separation of CO2 by cryogenics could also be of interest for other industries, in
particular blast furnaces and hydrogen production via steam methane reforming. Therefore the CryocapTM
oxy concept was adapted and is being developed for these applications.
4.1 Steam Methane Reforming: Cryocap H2
Steam Methane Reforming (SMR) is the most widespread process for industrial scale H2 production. In
such plants, natural gas is converted into syngas by a reformer using steam and a catalyst. This furnace is
then followed by a shift reactor for converting CO to H2 and a Pressure Swing Adsorption unit (PSA) for
separating the resulting H2 from the syngas.
These plants have specific CO2 emissions of approximately ~0.9 kg of CO2 per Nm3 of H2. The total CO2
emissions for a typical large SMR (~130 000 Nm3/h H2) are around 1Mt/yr. As indicated in Figure 8,
around 60% of the CO2 emissions result from the reforming and shifting of the natural gas. The remaining
emissions result from combustion of natural gas and syngas in the reformer.
H2 Product
Tail Gas
Feed
Flue gas
CO & CH4 will contribute
25% of CO2
60% CO2 generated
in reformer + shift
15% of CO2 from
make-up fuel
CryocapTM H2
Reformer
ShiftPSA
Figure 8. Simplified process flow diagram for a SMR plant with CryocapTM H2
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The off-gas from the PSA and the flue gas from the furnace contain roughly 45% and 20%vol CO2
respectively. The CO2 concentration in the off-gas is sufficient to make CO2 separation by cryogenics an
attractive option.
Therefore Air Liquide has developed its Cryocap H2 technology in order to capture CO2 from the PSA
tail gas (off-gas). Focusing CO2 capture on this stream reduces specific cost. This is due to its relatively
high CO2 concentration compared to the flue gases generated by the burners used to heat the furnace.
The off-gas is compressed to a pressure at which CO2 may be separated by liquefaction at around -50°C,
close to the triple point. The non-condensable gases are then passed through a membrane system which
enables additional H2 and CO2 to be recovered. CO2 recovery rates on the off-gas in excess of 95% are
attainable.
Therefore, the Cryocap H2 unit has been designed not only for high CO2 capture rates, but also to
recover the remaining H2 from the off-gas. In this way, the process economics and efficiency are
optimised since this H2 can be sold as a high value product instead of being used as a low value substitute
for natural gas.
Typically, an increase in H2 production of 10-20% may be attained for a given SMR compared to a plant
without Cryocap H2.
Air Liquide recently launched the first Cryocap H2 project at Port Jérôme, France (section 5.5).
4.2 Blast furnaces: Cryocap Steel
The ULCOS (Ultra Low CO2 Steel Making) consortium whose core members include all major European
Steel makers is re-engineering the traditional Blast furnace process. The objective is to cut by 50% the
quantity of CO2 emitted by the production of one ton of hot metal.
The principle is to recover the reducing gases (H2, CO) from the Blast Furnace Top Gas, and to recycle
them to the blast furnace to minimise coal/coke consumption. This enables process efficiency to be
improved whilst separating CO2 for geological storage or utilisation.
Air Liquide has developed a specific combination of technologies for this application. The top gas is
compressed before an initial separation of CO2 from CO using a Pressure Swing Adsorption unit (PSA).
The CO rich product is then recycled to the blast furnace. O2 replaces air as the oxidant to avoid recycling
N2 to the blast furnace.
The CO2 enriched off-gas of the PSA contains approximately 75% CO2. This means that cryogenics is the
most efficient way of completing purification to the levels typically required for storage and Enhanced
Oil Recovery (EOR) applications. The residual CO from the cryogenic purification may be recycled back
to the PSA in order to further increase CO recovery to almost 100%. The overall process scheme is shown
in figure 9.
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Figure 9: Top Gas Recycle Blast Furnace process scheme
The solution has been extensively tested at pilot scale at MEFOS Metallurgy Institute in Lulea, Sweden.
A 3D view of the pilot plant is shown in figure 10. This pilot enabled to gather valuable information on
issues such as dust management and process control, particularly concerning integration with the blast
furnace process.
Figure 10: 3D view of pilot plant at MEFOS (Lulea, Sweden)
Building on this work, Air Liquide recently completed a full FEED study for the installation of a system
at ArcelorMittal’s Florange industrial plant in France to capture 3600 tpd CO2.
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5. Status and results of key projects from Air Liquide’s CO2 capture technology roadmap
Air Liquide’s program for developing CryocapTM technology on the range of CO2 sources discussed
above is based on a number of key projects. Their status and contributions to the CryocapTM technology
development roadmap are briefly discussed below.
5.1 Total Lacq, France, steam boiler:
This project is an industrial (30MWth) demonstration of the complete CCS chain for steam production in
Lacq, owned and operated by Total. The pilot is a retrofit of an air fired natural gas boiler to oxyfiring.
Air Liquide designed and supplied four oxy-burners of 8MW and two CO2 dryers (figure 11) in addition
to supplying the gaseous oxygen for the oxy-combustion.
Figure 11: Dryers installed at Total Lacq, France
Air Liquide carried out several test campaigns to validate the performances of the flue gas drying system
designed to dry around 5000 Nm3/h of flue gas at high pressure. The achieved dew point at the outlet of
the dryers is in accordance with the water content specification for the cryogenic purification (to avoid
water freezing).
Air Liquide tested different running conditions (various pressures, nitrogen or CO2 product as
regeneration gas…), mainly to validate Air Liquide dryer design tool. The regeneration with CO2 product
proved to be as efficient as the regeneration with nitrogen.
Inside the dryers, complex reactions occur with the impurities, in particular with NOX, including
formation of acid condensates:
About one third of NOX is adsorbed by the adsorbents,
In the hydrothermal conditions of the regeneration step, we observed the formation of nitric acid due
to adsorbed NOX, as expected.
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Thus, with these severe conditions, the choice of adsorbents and the choice of material are key. That is
why different corrosion coupons have been placed inside the dryers and will be removed and analysed at
the end of operation to compare the different materials.
To date, the drying unit has run very satisfactorily more than 10 000 hours and demonstrated drying to the
targeted dew point, whatever the regeneration gas and even with CO2 and NOx in the feed gas. This
experience has been valuable in developing the CryocapTM Oxy design for the industrial scale projects.
5.2 CIUDEN, Spain, coal boilers:
The CIUDEN CryocapTM Oxy pilot plant has been commissioned and initial results have been promising.
In particular, the innovative flue gas drying system has met expected performances of 1ppmv water in the
treated flue gas. The unit is to be used in future as a platform for testing of a number of important
technologies such as acid gas scrubbing and cryogenic purification of CO2.
5.3 Callide Oxyfuel project, Australia, coal boiler:
The project is a retrofit of a coal boiler to oxyfiring. Air Liquide supplied the two ASUs and the CO2
purification unit.
This CryocapTM Oxy unit will treat a portion of the flue gas generated by the Callide A # 4 boiler (30
MWe rating in air firing) that has been retrofitted by IHI for oxycombustion. It has a CO2 capture
capacity of 75tpd.
The Callide CO2 CPU pilot plays an important role in the CryocapTM Oxy roadmap. Its design features a
downscale of Air Liquide’s vision of commercial size CPU technologies including centrifugal
compressors, dust, SOX, NOX, and water removal units and a cold box for liquid CO2 production. Testing
will start by the beginning of 2013 and will bring field data on the implemented CO2 purification
technologies and impurities management strategies.
Air Liquide research teams will operate a mobile laboratory featuring analyzers for all major flue gas
components and key impurities. This field lab is installed on site and connected to more than twenty
different sampling points on the CryocapTM equipment (figure 12).
For the humid part of the process, a NDIR based analyzer including a ZrO2 oxygen probe will analyse the
main components of the flue gas and its impurities (H2O, NOx, CO, SO2, HCl, CO2, O2). For Hg species,
an atomic fluorescence spectrometry is deployed to establish the speciation in the gaseous phase along the
process. For the cryogenic part of the CPU, a gas chromatograph will track the main non-condensable
gases (O2, Ar, N2 and CO). Nitrous oxides will also be tracked in the gaseous phase down to the ppm
level by chemiluminescence systems.
 Nicolas Perrin et al. /  Energy Procedia  37 ( 2013 )  1389 – 1404 1403
Fig. 12: Locations of main gaseous and liquid sampling points.on Callide Oxyfuel CryocapTM Oxy Process Scheme
Such precise measurements in the oxycombustion flue gas matrix are very challenging. The mobile
laboratory equipments were pre-tested at one of Air Liquide’s Research Centres. As an example,
interferences on chemiluminescence measurements due to the high CO2 content in the gas samples have
been studied in order to determine and implement the corresponding correction factor curves.
Specific attention has been paid to the materials selection and the design of the equipments used in the
sampling lines systems so as to achieve the targeted precision in the measurements. These systems will
funnel the process gas samples from the sampling points to the analyzers housed in the field lab avoiding
transit interferences or absorption on the sampling line surface. Process condensates samples will also be
analyzed to evaluate the acidic species transfer in the liquid phases throughout the process.
The Callide tests campaigns will also study the cryogenic process behavior and flexibility. The pilot
operation will bring field experience on the operation of integrally geared centrifugal compressor
technology and compact multi-fluid heat exchangers in the corrosive conditions of oxycombustion flue
gas.
5.4 FutureGen 2.0, USA, coal boiler:
The project aims at converting an existing boiler at the Meredosia, IL coal-fired power plant to
oxycombustion. The objective is to capture at least 1Mt CO2 per annum and demonstrate CryocapTM Oxy
technology at industrial scale on fully representative flue gases. The current innovative design enables up
to 98% CO2 capture and near zero air emissions of pollutants such as SOX and NOX. At the time of
writing, the initial pre-FEED (Pre Front End Engineering & Design) phase has been completed. The start
of the FEED stage is pending the go ahead from the US Department of Energy (US DoE).
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5.5 Port Jérôme, France, SMR:
Following extensive preliminary studies and a FEED, Air Liquide has just launched the execution phase
of its project to fit a CryocapTM H2 unit to the offgas of its SMR at Port Jérôme in France. It will have a
capacity of approximately 300t CO2 per day. The system will demonstrate technologies upscalable to
2000t CO2 per day. Start-up is planned for Q3 2014.
5.6 Rotterdam, the Netherlands, SMR:
The objective of the “Green SMR” project is to capture around 0.5MtCO2/yr by placing a CryocapTM H2
unit on the off-gas of Air Liquide’s SMR at Rozenburg. The unit would be part of a fully integrated
project with captured CO2 being used for geological storage in depleted gas field or offshore EOR in the
North Sea. A pre-FEED phase is on-going and will finish at the end of 2012. The objective is to
demonstrate CryocapTMH2 technology at full industrial scale. The project has been proposed for NER300
funding.
This large number of projects is indicative of Air Liquide’s strategy of placing real projects at the heart of
efforts to propose efficient and reliable solutions for CO2 capture on power production and other
industries implementing the innovative CryocapTM range of products.
6. Conclusion
Oxycombustion has emerged in recent years as a very efficient and flexible option for CO2 capture on
boilers for power and steam production.
Furthermore, the development of the CryocapTM CO2 cryogenic purification for oxycombustion has led to
a new range of solutions for CO2 capture on other industrial solutions such as for the hydrogen or iron &
steel production.
Pilot and industrial scale demonstration projects are under way to validate the range of CryocapTM
solutions with respect to overall cost and performances. This will confirm the attractiveness of cryogenic
purification combined when appropriate with other technology blocks (membranes, adsorption), for CO2
capture and purification for geological storage and utilization.
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